ABSTRACT Background: Dairy, fruit, and vegetable intakes may be associated with functional limitations and disability through their role in muscle function, osteoporosis, and prevention of the oxidative damage associated with aging and chronic disease. Objective: The associations between dairy, fruit, and vegetable intakes and functional limitations and disability were examined in African Americans and whites (baseline age: 45-64 y; n ҃ 9404) in the Atherosclerosis Risk in Communities (ARIC) Study. Design: Logistic regression analyses were used to ascertain the associations between usual dairy, fruit, and vegetable intakes obtained at baseline by using a food-frequency questionnaire and lower-extremity function, activities of daily living (ADLs), and instrumental ADLs (IADLs) self-reported Ȃ9 y later in models stratified by race and sex. Results: Baseline dairy, fruit, and vegetable intakes tended to be inversely associated with impaired lower-extremity function, ADLs, and IADLs Ȃ9 y later, particularly in African American women. For example, in African American women, baseline dairy intakes were inversely associated with impaired ADLs and IADLs [odds ratio (95% CI): 0.60 (0.40, 0.90) and 0.69 (0.48, 0.98) in the 3rd and 1st tertiles of intake, respectively; P for trend 0.05]. Combined baseline intakes of fruit and vegetables were also inversely associated with impaired lower-extremity function, ADLs, and IADLs [odds ratio (95% CI): 0.67 (0.47, 0.95), 0.52 (0.36, 0.76), and 0.64 (0.45, 0.90) 
INTRODUCTION
Although there have been recent declines in the disability rate among US elderly, the absolute number of disabled elderly is expected to triple between 1985 and 2050 simply because of the dramatic increase in the number of elderly that will occur in that time (1) . Disability among the elderly leads to a poorer quality of life and has been shown to predict dependency and institutionalization as well as greater health care needs and greater utilization of the health care system (2) . Previous research on functional limitations and disability identified several modifiable risk factors, including obesity, lack of physical activity, alcohol consumption, and smoking (3, 4) . However, little is known about the role of diet.
A literature review identified nutritional status as one of several key risk factors for functional limitations and disability that deserves further investigation (3) . Poor nutrition may lead to lack of appetite, functional limitations and disability, changes in quality of life, morbidity, and mortality (5) . Functional limitations and disability may, however, also lead to poor nutrition because of an impaired ability to shop, cook, and feed oneself. Poor diet is an important modifiable risk factor for the development of several chronic diseases associated with aging, such as cardiovascular disease, diabetes, osteoporosis, and cancer (6) . Dietary factors, particularly B vitamins and antioxidants, were previously shown to play a role in cognitive function (6, 7) .
Previous studies examining the association between diet and functional limitations and disability used nutritional risk screening tools (8 -13) , healthy eating indexes (14, 15) , dietary biomarkers (16 -20) , and macronutrient or micronutrient intakes (or both) (20 -24) . However, to our knowledge, no studies have examined the association of specific types of foods or food groups with functional limitations and disability. Moreover, despite the fact that African Americans have a higher prevalence of functional limitations and disability than do whites (25) , studies examining the associations between diet and functional limitations and disability have been conducted almost exclusively in predominantly white populations. Dietary intakes may differ between African Americans and whites because of socioeconomic and cultural differences leading to differences in food preferences, customs surrounding eating, beliefs about the association between diet and disease, and other factors (26 -28) . Sex differences in functional limitations and disability (2, 4, 29) and diet (27, 28) also have been documented.
Previous studies suggested that there may be an association between functional limitations and disability and calcium, vitamin D, and antioxidants through their role in muscle function, osteoporosis, and preventing the oxidative damage associated with aging and chronic disease (7, 16, 18, 20, 30 -32) . These nutrients are commonly found in dairy, fruit, and vegetables. Therefore, the purpose of this study is to examine baseline dairy, fruit, and vegetable intakes in middle-aged African American and white men and women and their functional limitations and disability Ȃ9 y later.
SUBJECTS AND METHODS

Subjects
The Atherosclerosis Risk in Communities (ARIC) Study is a prospective, multicenter investigation of atherosclerosis and cardiovascular disease (33) . Baseline data were collected between 1987 and 1989 in 2635 African American women, 1631 African American men, 6050 white women, and 5428 white men (n ҃ 15 744). Participants were selected to be representative of adults aged 45-64 y in 4 communities in the United States: Forsyth County, NC; Jackson, MS; the northwestern suburbs of Minneapolis; and Washington County, MD. Approximately 46% of the eligible participants in Jackson and 65% of those in the other 3 communities entered the cohort (34) . Participants who entered the cohort were more educated, had higher incomes, and were less likely to be current smokers than were those who did not enter the cohort. Participants were reexamined in the clinic at a maximum of 4 visits at Ȃ3-y intervals.
The study was approved by the institutional review boards of the 4 participating centers and the Public Health Institutional Review Board on Research Involving Human Subjects at the University of North Carolina at Chapel Hill. Written informed consent was obtained from all subjects.
Functional limitations and disability
Functional limitations and disability were assessed by selfreport at visit 4 (1996 -1998) only. The questionnaire identified 12 activities, and participants were asked to indicate whether they had no difficulty, some difficulty, or much difficulty or were unable to do these activities at all when they were by themselves and did not have the use of aids. The 12 activities were grouped into lower-extremity function, activities of daily living (ADLs), and instrumental ADLs (IADLs), as was done in the third National Health and Nutrition Examination Survey (35) . Lowerextremity function consisted of the following 5 activities: walking one-quarter of a mile; walking up 10 steps without resting; stooping, crouching, or kneeling; lifting or carrying something as heavy as 10 pounds; and standing up from an armless straight chair. ADLs consisted of the following 4 activities: walking from one room to another on the same level; getting in or out of bed; eating or drinking from a glass; and dressing oneself. IADLs consisted of the following 3 activities: doing chores around the house; preparing own meals; and managing money. Lower-extremity function, ADLs and IADLs were categorized as "no impairment" (ie, participants reported no difficulty on any activity) and "impaired" (ie, participants reported any difficulty-some difficulty, much difficulty, or unable to do-on any activity.
Dietary assessment
Participants' usual dietary intake over the preceding year was assessed by using an interviewer-administered, 66-item, semiquantitative food-frequency questionnaire (FFQ) at visit 1. The questionnaire was based on the 61-item instrument designed and validated by Willett et al (36) . The frequency of intake was ranked in 9 categories ranging from "almost never" to " 6 times/d." Intakes of daily nutrients and individual food items from the FFQ were calculated at the Channing Laboratory, Harvard Medical School. The reliability of the FFQ for intake of nutrients was previously examined among African Americans and whites in the ARIC Study (37) .
Food groups were created by using frequencies of consumption of foods from the following categories: dairy [skim (1% fat) or low-fat (2% fat) milk, whole milk, yogurt, ice cream, cottage cheese or ricotta cheese, and other cheeses, plain or as part of a dish]; fruit (fresh apples or pears; oranges; orange or grapefruit juice; peaches, apricots, or plums; bananas; and other fruit); vegetables [string or green beans; broccoli; cabbage, cauliflower, or brussel sprouts; carrots; corn; spinach, collards, or other greens; peas or lima beans; dark yellow, winter squash; sweet potatoes; tomatoes or tomato juice; beans or lentils; and potatoes (mashed or baked, not fried)]; and fruit and vegetables combined. Standard serving sizes from the FFQ were used to compile the number of servings from each food group. Vegetables in mixed meat dishes (ie, sandwiches or mixed dish, stew, casserole, lasagna, or spaghetti sauce, etc., that contain beef, pork, or lamb as well as vegetables) were not included in the vegetable group for these analyses. Daily servings of each food group were categorized into sex-specific tertiles by using the average of the tertile cutoffs in whites and African Americans.
Covariates
Body mass index (BMI; in kg/m 2 ) was calculated by using measured weight and height at baseline. Participants were asked the highest grade or year of school they had completed, and education level was categorized as less than a high school diploma, high school diploma or vocational school, and college or graduate or professional school. Baseline smoking status was obtained by questionnaire and categorized as current, former, or never.
Exclusions
Race was assessed by self-identification at baseline by a single choice from a checklist (ie, white, African American, American Indian or Alaskan Indian, or Asian or Pacific Islander). African American participants in Minnesota and Maryland were excluded (n ҃ 55) because there were too few to support modeling. Participants who died before visit 4 (n ҃ 1441), missed visit 4 (n ҃ 2661), or lacked information on functional limitations and disability at visit 4 (n ҃ 138) were excluded. Participants from whom 10 responses on the FFQ were missing and those with extremely low (600 kcal in men and 500 kcal in women) or extremely high (4200 kcal in men and 3600 kcal in women) energy intakes were also excluded (n ҃ 230). Information on functional limitations and disability were not collected at baseline. As a proxy for these measures, we excluded from our analyses participants who used a wheelchair, crutches, walker, or cane (n ҃ 61); those with prevalent coronary artery disease, stroke, cancer, or chronic lung disease (n ҃ 1481); and those with poor self-rated health at baseline (n ҃ 105) in an attempt to exclude participants who may have had functional limitations or disability at baseline. We excluded from our analyses participants who used a wheelchair, crutches, or walker or walked with a cane (n ҃ 61); those with prevalent coronary artery disease, stroke, cancer, or chronic lung disease (n ҃ 1481); and those with poor self-rated health at baseline (n ҃ 105). We also excluded participants for whom pertinent covariates were missing (n ҃ 168). The final sample size for these analyses was 9404, or 59.7% of the original sample (n ҃ 3943 white women, 1327 African American women, 3413 white men, and 721 African American men).
Statistical analysis
Logistic regression was used to examine the associations between tertiles of food group intake and impaired lower-extremity function, ADLs, and IADLs (SAS PROC LOGISTIC software, version 8.2; SAS Institute, Cary, NC; 38). The lowest tertile of intake for each food group was set as the reference group. Threeway interactions between sex, race, and each food group variable and two-way interactions between sex or race and each food group were tested, and significant interactions were found at ␣ ҃ 0.05. Of the 3-way interactions, there were significant sex ҂ race ҂dairy interactions for lower-extremity function (P ҃ 0.05), ADLs (P 0.0001), and IADLs (P ҃ 0.02) and significant sex ҂ race ҂ fruit and vegetables combined interactions for ADLs (P ҃ 0.04). Multiple two-way interactions were also significant. Therefore, all analyses were stratified by sex and race. Models were adjusted for baseline age, education level, smoking status, total energy intake, BMI, and field center (ie, the community). Analyses adjusting for baseline physical activity, diabetes and hypertension status, and income did not change appreciably the significance or direction of the associations and therefore are not presented here. Tests for linear trends across increasing tertiles of food group intake used the median value in each tertile as a continuous variable in the logistic regression models.
RESULTS
Information on baseline diet intake and functional limitations and disability was available for 9404 African American and white men and women at follow-up Ȃ9 y later (range: 7.4 -11.9 y). Participants who were excluded were significantly (P 0.01) more likely than were participants included in the study sample to be men (46.1% and 44.0%, respectively), African American (34.4% and 21.8%), and older (55.0 Ȁ 5.8 and 53.6 Ȁ 5.6 y); to have a higher mean BMI (28.0 Ȁ 5.8 and 27.5 Ȁ 5.1); and to have less than a high school education (33.0% and 17.8%). In addition, participants excluded with the use of the proxy functionallimitation variables were significantly (P 0.0001) more likely than were participants included in the sample to be older (55.5 Ȁ 5.6 and 53.6 Ȁ 5.6 y, respectively), to be current smokers (26.0% and 21.0%), and to have less than a high school education (25.1% and 17.8%) at baseline. These excluded participants also had a significantly (P 0.0001) higher prevalence than did included participants of impaired lower-extremity function (61.8% and 47.9%, respectively), ADLs (23.7% and 13.5%), and IADLs (31.9% and 17.9%) at follow-up.
The baseline characteristics of the final sample are shown in Table 1 . The mean age at baseline was 53.6 y (range: 44 -66 y). As expected, African American women had a higher mean BMI than did white men and women and African American men. More African American men than the other race-and-sex groups were current smokers. African American men and women were less likely to have completed high school than were white men and women. Men had fewer mean daily servings of fruit and vegetables than did women, and African Americans had fewer mean daily servings of dairy than did whites.
At follow-up, African American women had the highest prevalence of impaired lower-extremity function, ADLs, and IADLs, with white women, African American men, and white men following in declining order of prevalence ( Table 2) . Although the mean age at follow-up was only 62.6 y (range: 52-75 y), the prevalence of impaired lower-extremity function ranged from Among the white women, those in the highest tertile of dairy and fruit intakes at baseline had significantly lower odds of impaired lower-extremity function and IADLs at follow-up than did those in the lowest tertile after adjustment for baseline age, education, smoking status, energy intake, BMI, and field center (P for trend 0.05; Table 3 ). There were no significant associations between baseline vegetable intakes and impaired lowerextremity function, ADLs, or IADLs at follow-up. However, there was a trend toward lower odds of impaired lower-extremity function and IADLs at follow-up among white women with the highest baseline intakes of fruit and vegetables combined in the fully adjusted model (P for trend 0.10).
The odds of impaired ADLs and IADLs at follow-up were significantly lower among African American women in the highest tertile of baseline dairy intakes than among those in the lowest tertile after adjustment for baseline age, education, smoking status, energy intake, BMI, and field center (P for trend 0.05; Table 3 ). Those in the highest tertile of baseline fruit intake had significantly lower odds of impaired lower-extremity function, ADLs, and IADLs at follow-up than did those in the lowest tertile in age-adjusted models (P for trend 0.05). These associations remained significant in the fully adjusted model for lowerextremity function and ADLs but not for IADLs. High baseline intake of vegetables was also significantly associated with lower odds of impaired IADLs at follow-up in the fully adjusted model (P for trend 0.05). The odds of impaired lower-extremity function, ADLs, and IADLs at follow-up were significantly lower in those with the highest baseline intakes of fruit and vegetables combined than in those with the lowest intakes in the fully adjusted model (P for trend 0.05).
Among the white men, there were significantly higher odds of impaired lower-extremity function and ADLs at follow-up in those in the highest tertile of dairy intake at baseline than in those in the lowest tertile after adjustment for baseline age (P for trend 0.05; Table 4 ). This association remained significant for lower-extremity function (P for trend 0.05) after adjustment for baseline education, smoking status, energy intake, BMI, and field center. Because the dairy items in the 66-item FFQ were not specific enough to separate out low-and high-fat dairy, a single question regarding the frequency of intake of low-fat (2% fat) or skim (1% fat) milk was used as a surrogate. Analyses of low-fat or skim milk showed no significant association between baseline intake of low-fat or skim milk and odds of impaired lowerextremity function or ADLs at follow-up [odds ratio (95% CI): 1.04 (0.87, 1.25) and 0.81 (0.61, 1.06), respectively, in the 3rd tertile compared with the 1st tertile]. White men in the highest tertiles of baseline intake of fruit and fruit and vegetables combined had significantly lower odds of impaired lower-extremity function at follow-up than did those in the lowest tertiles in the fully adjusted model (P for trend 0.05). There was also a trend toward lower odds of impaired lower-extremity function at follow-up among white men with the highest baseline vegetable intake than among those with the lowest intake in the fully adjusted model (P for trend 0.10). There were no significant associations between intake of fruit, vegetables, and fruit and vegetables combined at baseline and impaired ADLs and IADLs at follow-up.
The odds of impaired lower-extremity function, ADLs, and IADLs at follow-up were significantly lower among African American men in the highest tertile of baseline intake of dairy than among those in the lowest tertile after adjustment for baseline age (P for trend 0.05; Table 4 ). These associations remained significant for lower-extremity function and ADLs after adjustment for baseline education, smoking status, energy intake, BMI, and field center (P for trend 0.05). African American men in the highest tertile of fruit intake at baseline also had significantly lower odds of impaired lower-extremity function and IADLs than did those in the lowest tertile in age-adjusted models (P for trend 0.05). These associations remained significant in the fully adjusted model for lower-extremity function only. High intakes of vegetables and fruit and vegetables combined were also significantly associated with lower odds of impaired lower-extremity function in age-adjusted models (P for trend 0.05). The trend toward lower odds of impaired lowerextremity function remained in the fully adjusted model for fruit and vegetables combined (P for trend 0.10).
DISCUSSION
The role of diet in chronic disease prevention is well established (39, 40) , but little is known about the role of diet in preventing functional limitations and disability. The present study shows that, in general, intakes of dairy, fruit, and vegetables were inversely associated with functional limitations and disability at follow-up among African American and white men and women in the ARIC Study cohort. Although not always reaching significance, high dairy intake was associated with lower odds of impaired lower-extremity function, ADLs, and IADLs in white women and African American men and women, but not in white men. High fruit intake was also associated with lower odds of impaired lower-extremity function, ADLs, and IADLs in white men and African American men and women and with impaired lower-extremity function and IADLs in white women. There tended to be an association between high vegetable intake and lower odds of impaired ADLs and IADLs in African American women and an association between high vegetable intake and lower odds of impaired lower-extremity function in African American men. There is little published information on the associations between diet and functional limitations and disability. Several cross-sectional studies found an inverse association between the ability to perform ADLs and IADLs and higher scores on nutritional risk-screening tools, which include questions on eating recommended servings of dairy, fruit, and vegetables (8 -12) . High nutrition risk scores were also associated with increased incidence of disability at 12-and 4 Adjusted for baseline age. 5 Adjusted for baseline age, energy intake, smoking status (never, former, or current), education (less than high school, high school or vocational school, and college or graduate or professional school), BMI, and field center.
22-mo follow-ups (11, 13) . Less is known about the role of diet patterns and functional limitations and disability. In a crosssectional study, elderly men and women with "better" nutrition practices, as ascertained by using a summary score that included questions on food choices and meal patterns, were more likely to have better ADL scores than were their counterparts with "worse" nutrition practices (14) . Among middle-aged women, but not men, consuming an "unhealthy" diet containing no whole-grain bread, no low-fat milk, and 1 serving fresh fruit or vegetables/d was associated with increased risk of poor physical function at 5-y follow-up 4 Adjusted for baseline age. 5 Adjusted for baseline age, energy intake, smoking status (never, former, or current), education (less than high school, high school or vocational school, and college or graduate or professional school), BMI, and field center. (15) . Similarly, we found that consuming a diet high in dairy, fruit, and vegetables is generally associated with lower odds of impaired lower-extremity function, ADLs, and IADLs than is consuming a diet low in these food groups.
Although several studies have investigated the association between nutrients from dairy, fruit, and vegetables and functional limitations and disability and have found inconsistent results (16 -21) , the association between dairy, fruit, and vegetable intakes and functional limitations and disability is biologically plausible. Dairy, the primary source of calcium and vitamin D, may decrease the risk of functional limitations and disability associated with osteoporosis, osteoporosis-related fractures, and decreased muscle strength (7, 16, 30) . Antioxidants found in fruit and vegetables may reduce the accumulation of oxidative damage in tissues and, therefore, slow the onset of functional limitations and disability associated with aging as well as decrease the risk of oxidative-related chronic diseases, such as cardiovascular disease and cancer, that may lead to functional limitations and disability (18, 20, 31, 32) .
A strength of this study is that it included large numbers of African American and white men and women for whom there was information on diet and functional limitations and disability. Most previous studies examined these associations in smaller samples. In addition, previous studies examining diet and functional limitations and disability were conducted in predominately white populations, even though African American men and women tend to report more functional limitations and limitations in ADLs and IADLs than do same-sex whites (25) . In the ARIC Study cohort, African American men and women had a significantly higher prevalence of functional limitations and disability than did their white counterparts. Observed differences in dietary intake between African Americans and whites may be influenced by socioeconomic and cultural differences (26 -28) ; therefore, it is important to examine the associations between diet and functional limitations and disability in African Americans and in other racial or ethnic groups. The strongest associations between high intakes of dairy, fruit, and vegetables and lower odds of impaired lower-extremity function, ADLs, and IADLs at follow-up were seen in African American women. This finding may reflect differences in the types of dairy, fruit, and vegetables consumed by African Americans and whites and the association between the individual nutrients, such as antioxidants, found in the different types of dairy, fruit, and vegetables and the participants' functional limitations and disability. Previous studies showed that African Americans have higher intakes of dark green vegetables and of vitamins A and C than do whites (28, 41) . Although the trends in African American men in this study were similar, there were fewer significant associations between dairy, fruit, and vegetable intakes and impaired lower-extremity function, ADLs, and IADLs, possibly because of limitations in power among African American men due to the smaller sample size.
A limitation of the work presented here is the lack of information on functional limitations and disability at baseline. Information on lower-extremity function, ADLs, and IADLs was not collected until visit 4, Ȃ9 y after baseline. Therefore, the true incidence of impaired lower-extremity function, ADLs, and IADLs could not be assessed. To decrease the likelihood of including in the study participants who had impaired lowerextremity function, ADLs, and IADLs at baseline, we applied a somewhat extensive list of exclusions, which included indicators of chronic disease, self-rated health, and mobility (Ȃ10% of the original sample). These exclusions resulted in a relatively healthy cohort, but we cannot be certain that none of the participants in our analysis had been functionally impaired at baseline. In additional analyses that included participants with prevalent coronary artery disease, stroke, cancer, or chronic lung disease at baseline, the associations between the 4 food groups and functional limitations and disability were similar to the results presented here. Functional limitations and disability could influence food intake and could also be influenced by food intake. Therefore, we cannot rule out the presence of some reverse causality here.
Another limitation was the method used to assess dietary intakes. A single, 66-item FFQ was used to characterize usual intakes of dairy, fruit, and vegetables. However, an FFQ provides an imprecise means of ranking intakes among persons (36) . Moreover, assessment of dietary intake at just one period of time may be inadequate to capture important dietary exposure. The imprecision of the dietary data may have reduced the ability of this study to detect associations between dairy, fruit, and vegetable intakes and impaired lower-extremity function, ADLs, and IADLs. Although analyses were adjusted for BMI and physical activity (data not shown), diet may serve as a proxy measure for other, relevant, healthy lifestyle characteristics. Other limitations include the use of self-reported diet, functional limitation, and disability information and loss to follow-up (Ȃ9% died and 17% were lost to follow-up), which possibly resulted in selection bias for the final samples used for analysis.
To our knowledge, the current study is the first to examine the associations between intakes of dairy, fruit, and vegetables and functional limitations and disability among African Americans and whites. In general, dairy, fruit, and vegetable intakes appear to be inversely associated with impaired lower-extremity function, ADLs, and IADLs. Thus, the current recommendations for daily consumption of 2-3 servings of low-fat dairy, 2-4 servings of fruit, and 3-5 servings of vegetables should be investigated for their potential to reduce the prevalence of functional limitations and disability in an aging population.
